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Abstract
Abstract

The value of traditional ecological knowledge and associated traditional practices, or
matauranga and tikanga in the New Zealand Maori context, is playing an increasingly
important role in the development of effective wildfoods management. Kaitiaki
(environmental guardians) in Murihiku (Southland) are concerned about the
successful transmission of the matauranga surrounding the ecology, management
and threats of the toheroa (Paphies ventricosa). Populations of toheroa, a highly
prized endemic surf clam, are found at Oreti, Orepuki and Bluecliffs beaches within
Murihiku of which numbers are historically low. Bluecliffs Beach has experienced
large sand erosion leaving on 50% of the original habitat suitable for the toheroa.
Twenty-five semi-directive interviews were conducted across a range of kaitiaki, local
experts and scientists. Interviewees identified the main threats, concerns and gaps in
the research surrounding the toheroa and dictated the main aims within this present
investigation. Discussions surrounding the traditional practice of translocating
toheroa revealed the presence of the third colony at Orepuki Beach, Te Waewae Bay.
A population a third the size of the 2005 Bluecliffs Beach population has established
at Orepuki Beach from translocation efforts by local community members. The
maintenance of this population is of great importance to the resilience of the Te
Waewae Bay toheroa given the degraded state of the Bluecliffs Beach population. The
potential use of translocation as a stock enhancement tool may have broad potential
to secure and increase the resilience of the Murihiku toheroa meta-populations.
Translocation of adult toheroa to enhance existing stocks density and to establish
new populations is considered the most practical option. The destructive nature of
the current population survey techniques and its lack of adhering to tikanga lead to
the wish for a non-destructive abundance index based on traditional search methods
to be developed. The observation and counting of siphon activity (siphon tips and
holes in the sand) provided a poor predictor of absolute toheroa density when
compared with densities generated from the excavation surveys. However observing
siphon activity in relatively warm temperatures (16°C and above) provides a 95%
certain rate of detection during one search. Thus siphon activity searching provides a
sound means to assess the presence/absence and distribution of toheroa colonies.
The main threats to toheroa were identified as beach traffic, mass mortalities, illegal
harvesting, predations, pollution and climate change. All of which are poorly

quantified. Preliminary investigations provided evidence of beach traffic adversely



Abstract
impacting juvenile (<39 mm) toheroa, particularly those in the softer sand. Injury
rates increased with vehicles with large, spaced lugs on the tyre tread and the
motorbike test vehicle killed 18% of toheroa exposed to a single passage compared to
an average of 3% for the car/utility vehicles. Similarly the Burt Munro Challenge
beach race, an annual motorbike event held of Oreti Beach, caused a 72% (95% CI 40-
90%) juvenile mortality rate within a 1-2 km stretch of the beach. Further research
into quantifying the risk of beach traffic, along with important biological parameters
(i.e age/size and maximum reproductive potential) need to addressed. The results of
this present investigation clearly illustrates of how TEK and its associated practices
are relevant to the effective management of wildfood resources. Future development
into the management of the Murihiku toheroa should encompass an active adaptive

management approach.
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Chapter 1: Introduction

CHAPTER ONE

Introduction

“The Maori language is a taonga [treasure] — to disregard the taonga of the
language is to make it so that your traditions cannot be upheld — all of those

traditions are forgotten”

Interviewee Q

1.1 Traditional knowledge, science and sustainability

Indigenous peoples have longstanding, close relationships with the environment.
Through these relationships, indigenous peoples develop in-depth understanding
about the ecosystems they rely on. Such knowledge is built on accumulated
observations from which they use indicators to detect unusual occurrences within the
ecosystems (Berkes in press). For example, detailed knowledge aids in the
recognition of environmental change, inter-annual variations in stock abundance,
changes in stock distribution patterns. Through monitoring indicators within the
ecosystems, natural resource users also acquire knowledge to predict how the system
will respond to unusual conditions (Neis et al. 1999; Johannes et al. 2000). The
Denésgliné tribes of the Northwest Territories (Canada) traditionally monitor
environment change through variations in body fat of Caribou (Rangifer tarandus), a
primary prey species (Parlee et al. 2005). The tribes’ close relationship with their
environment provides them with the knowledge to measure shifts in the ecosystem’s
productivity and to construct well informed theories on the cause of these changes
(Parlee et al. 2005). This in-depth and locally tuned knowledge is known as
traditional ecological knowledge (TEK) and is the result of generations of
observations and experimentation. Berkes (2008) defines TEK as “a cumulative body
of knowledge, practice and belief, evolving by adaptive processes and handed down
through generations by cultural transmission, about the relationship of living beings

(including humans) with one another and the environment”.

Indigenous peoples utilise their extensive knowledge systems to develop regimes and
practices, which are passed down over generations, to manage the natural resources
on which they survive (Turner et al. 2000). Such institutions involve culturally
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Chapter 1: Introduction
defined tools or rules to promote the protection and sustainable use of natural
resources. These may include restrictions on harvest size, methods, areas, season
and harvest specific life stages (Gadgil et al. 1993; Colding & Folke 2001). For
example fishermen in the Maluku Province of eastern Indonesia follow seasonal
harvesting rules for a range of marine resources, termed sasi. Those villages still
practicing sasi have not experienced a fall in harvest yields of the gastropod Trochus
nilitocus for several years compared to those villages that do not practice sasi (Evans
et al. 1997). Artisanal and subsistence fishing communities also exercise
enhancement strategies to ensure the persistence of marine stocks. Vanuatu fishing
villages create ‘clam gardens’ where giant clams (Tridacnidae) are moved into
protected areas, creating safeguards of the population. These clam gardens also
ensure population maintenance as they facilitate increased recruitment through more

successful fertilisation rates (Hickey 2006).

In the past, traditional knowledge systems have been overlooked and dismissed from
natural resource management as they were believed to be static and inferior (Moller
1996; Newman & Moller 2005). Earlier debates have revolved around whether
traditional management practices are relevant in current resource management (e.g.
Alvard 1993), partly because they are not necessarily designed for conservation
reasons alone (Smith & Wishnie 2000). While the sole purpose of some indigenous
peoples’ customs is to maximise harvest yields, the principles held within the
knowledge of Denésgliné tribes or the traditional aquaculture practices of the
Vanuatu fishermen could be successfully and effectively applied in the conservation
and enhancement of natural resources. Hickey (2006) concluded that nothing will be
gained from “re-packaging” traditional management systems in modern scientific

approaches, i.e reinventing the wheel.

Fortunately, in recent years the value of TEK and its associated management systems
have been realised (Johannes 2002). A more constructive approach has been
developed, which focuses on the similarities between traditional and scientific
systems, rather than prosecuting the differences. Sharing both traditional and
scientific information and monitoring techniques is a particularly useful joining point
to guide environmental management (Moller et al. 2004, Berkes in press). The
principles and goals of both traditional and modern resource management have
developed convergently, as both systems endeavour to manage the same ecological

and social issues (Kitson & Moller 2008). Indigenous people have traditionally
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attempted to balance maximum productivity with sustainable harvest rates to ensure
the long-term viability of their resource — much like modern day resource
management (Berkes 2008). Acknowledging the similarities in the underlying
principles of modern and traditional management may allow for an increase in the
understanding of ecological systems, the identification of gaps in the combined
knowledge and the exploration of alternative approaches to management (Ellis 2005;
Newman & Moller 2005; Sheakeroff & Campbell 2007). Combining the knowledge of
indigenous peoples with the learnings of modern science offers an opportunity to
conduct research and manage natural resources in a more holistic and culturally

sensitive way (Aswani & Hamilton 2004; Drew 2005).

Both traditional and western systems have a lot to gain from each other if worked in
respectful partnership (Moller et al. 2009 a,c; Berkes in press). However,
incorporation of traditional knowledge and science is not simply a priority so as to
maximise information - partnership is also needed to build social capital for
environmental care and to be just. There is a large body of literature on
environmental justice, co-management and environmentality that underscores the
primary need to find participatory and just power sharing relationships. These are
needed before the full power of bottom-up community-based conservation efforts can
be effective and lasting. The involvement of indigenous and local people in initiating
and developing management plans is crucial to successful collaborative management
programmes (Borrini-Feyerabend 1996). Finding meaningful roles in local
management and environmental decision-making is the key to changing the
environmentality of local communities so that they are more likely to manage their

local resources wisely (Agrawal 2005).

1.2 Matauranga Maori and environmental management in
Aotearoa
The consideration and inclusion of TEK and traditional management practices will
help bridge the divide between traditional and modern management. In the context
of Aotearoa (New Zealand), the active role of Maori, the indigenous people, in natural
resource management has been hindered due to government land acquisition and the
prohibition of traditional harvests (Moller & Lyver in press). Since the arrival of
Pakeha (Europeans), the connection of iwi (tribe/s) to mahinga kai (food gathering

places/species) has been restricted and their matauranga Maori (closest Maori
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translation of TEK) has faced erosion (Moller et al. 2009b). There is a strong belief
that matauranga Maori has the capacity to inform and guide natural resource
management and conservation (Taiepa et al. 19977; Moller & Lyver in press). In
Maori custom, it is an obligation to protect and be stewards of the environment. This
is known as kaitiakitanga (environmental stewardship) and Maori have explicitly
expressed their commitment to carry it out and to revive their cultural preferences

and practices (Bishop 1998).

In recent years, matauranga has been increasingly considered and included in more
meaningful ways within management programmes (Moller et al. 2009 a,b,c; Moller &
Lyver in press). Collaborative management including kaitiakitanga and modern
conservation approaches offers a means by which the most sustainable management
practices can be applied while still ensuring tangata whenua (people of the land) have
a close association and link with their taonga (treasured) resources (Moller & Lyver in
press). The inclusion of matauranga in management programmes also ensures the
empowerment of Maori and the preservation of their cultural identity (Tipa & Welch
2006). The equity and power sharing of conservation efforts between Maori and
Pakeha is not only desirable but is a “fundamental constitutional requirement of the

Treaty of Waitangi” (Taiepa et al. 1997).

1.3 Toheroa: present case study

The movement towards more M3aori directed management of natural resources is
growing in Aotearoa, particularly for those resources of significant cultural
importance. Toheroa (Paphies ventricosa Gray 1894) a large, endemic surf clam are
a highly appreciated taonga species for Maori. The largest toheroa populations are
found in Taitokerau (Northland; Ninety Mile Beach, Ripiro/Dargaville Beach, and
Muriwai Beach), with smaller populations on the Kapiti Coast (North of Wellington;
Foxton, Waitarer and Hokio Beach), and in Murihiku (Southland; Bluecliffs Beach,
Orepuki Beach and Oreti Beach). Historically toheroa were abundant throughout
their range (Stace 1991). However, intensive exploitation from both commercial and
amateur fisheries has lead to substantial declines in both number and distribution
(Cassie 1955; Stace 1991; McKinnon & Olsen 1994; Morrison & Parkinson 2001). The
last commercial toheroa cannery closed in 1971 (Stace 1991), and both recreational
and customary harvesting were increasingly restricted from the 1980s. Since 1996

toheroa have been managed under the Customary Fisheries Regulations, whereby
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Tangata Tiaki (Maori customary fisheries appointees) authorise permits to harvest

toheroa for culturally important events.

Belonging to the family Mesodesmatidae, toheroa are closely related to the tuatua (P.
subtirangulata), deepwater tuatua (P. donacina) and pipi (P. australis). Toheroa
live in the intertidal zone between mean-high and mean-low water levels of sandy
exposed beaches. Adult toheroa spatially distribute themselves into distinct
aggregated beds in the mid to low shore level, whereas juveniles are generally found
higher on the shore (Cassie 1955). Toheroa are active deep-burrowers and can be
found to depths of 10-20 cm where, during submergence, they extend siphons to the
sand surface to filter feed and excrete waste (Redfearn 1974; Kondo & Stace 1995).
Toheroa are the largest of the Paphies surf clams reaching size of 120-150 mm

(Rapson 1952) and are believed to live for approximately 20 years (Cassie 1955).

Toheroa are broadcast spawners, with the peak spawning season occurring between
November to February (Redfearn 1974). Toheroa have a free-swimming larval stage
which lasts for approximately three weeks (Rapson 1952) and a sedentary, infaunal
stage that occurs after metamorphosis. Settlement occurs along the high water mark.
Juvenile toheroa experience rapid growth and are believed to reach approx 40 mm in
their first year and consequently reach size maturity (i.e. 75 mm) in three years
(Taitokerau toheroa; Redfearn 1974). Cassie (1955) reported the Murihiku toheroa
have slower growth rates than those observed in the Taitokerau colonies. As the
juvenile toheroa grow they migrate downshore to more preferable shore heights.
Lower on the shore toheroa are saturated for longer periods and the water is more
oxygenated, they can also withstand heavier wave actions by burrowing deeper
(Kondo & Stace 1995). Toheroa colonies have been characterised by variable
recruitment success and sporadic mass mortalities leading to large fluctuations in

population abundance (Rapson 1952).

The Murihiku toheroa populations (Fig. 1.1) are of national conservation importance
because of their outlying and limited distribution, long-term declines of both
northern and southern populations, general degradation of marine ecosystem health
and the importance of toheroa as a customary food of Maori. Ongoing conservation
concern for toheroa in Murihiku stems mainly from severe decline in the population
at Bluecliffs Beach (Te Waewae Bay) since the 1960s, (Beentjes et al. 2006; Beentjes
& Gilbert 2006a). With robust monitoring techniques in place and the historical

declines quantified, the kaitiaki (environmental guardians) now wish to identify the
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main threats to the ongoing persistence of toheroa and consider options for

intervention and restoration.

1.4 Research aims

The specific aims of this study were to:
1. Formally record the matauranga Maori surrounding the Murihiku toheroa.

2. Identify and discuss areas of concern regarding the management and

perceived threats to the Murihiku toheroa stocks.
3. Test and recommend community monitoring and enhancement methods.

The direction of the present study was dictated by the concerns expressed and the

requested areas of study identified by the participating interviewees.

Chapter 2
Presents the matauranga Maori surrounding toheroa obtained from interviews with

kaitiaki, scientists and local experts. Topics discussed include toheroa ecology, trends
in abundance and distribution, threats, details of traditional management, consensus
on current management, the importance of education and transmission of knowledge

and areas for future research regarding the Murihiku toheroa.

Chapter 3
Presents the results from a baseline population survey of the Orepuki Beach toheroa

population and discusses translocation as an option for increasing the resilience of

the Murihiku meta-population.

Chapter 4

Presents the results from a preliminary investigation into the reliability of using the
traditional searching technique of observing toheroa siphon activity to predict

toheroa abundance and presence/absence.

Chapter 5
Presents the results from a preliminary investigation of the putative impacts of beach

traffic on toheroa and an assessment of the damage to the toheroa beds at of the Burt

Munro Challenge beach race, an annual motorbike event held on Oreti Beach.
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Chapter 6
Provides a discussion on how the matauranga and the findings from the above three

investigations can be brought together to guide the future management and

enhancement of the Murihiku toheroa.

| Waiau River

Bluecliffs

® Invercargill

Oreti
Beach

Figure 1.1. Locations of beaches which support toheroa populations in
Murihiku (Southland), South Island, New Zealand. The main populations of
toheroa occur at Oreti Beach, Orepuki Beach and Bluecliffs Beach. Anecdotal evidence
suggested toheroa had been translocated to both Wakapatu Beach and Colac Bay in the past.
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CHAPTER TWO

Interviews of the matauranga surrounding toheroa

(Paphies ventricosa) in Murihiku

“And that is the difference from way back when you used to get toheroa in the
past, because it is hard work to dig them out, and back then your prize was

beautiful and now you spend longer digging and the toheroa are smaller”

Interviewee J

2.1 Introduction

Traditional Ecology Knowledge (TEK) includes intimate knowledge of ecosystem
functioning coupled with long term trends in the abundance and distribution of
natural resources. It is this combination that can provide many useful insights into
the management of wildfood species, including the identification of critical habitats
and threats (Johannes et al. 2000; Moller & Lyver 2008). Knowledge and traditional
management systems that encapsulate the protection and enhancement of natural

stocks are of particular importance to conservation management (Drew 2005).

As the significance of TEK in natural resource management is becoming increasingly
realised, the erosion of this knowledge is occurring at an equally fast rate. Many
communities have moved away from a heavy reliance on natural resources, thus the
knowledge is being lost through the lack of use (Turner et al. 2000). For many
indigenous communities it is therefore only the elders that hold the specialist
knowledge and as this generation ages the opportunities in which they can pass down
their knowledge to the younger generations are becoming limited (Ulluwishew et al.

2008).

Furthermore, TEK has been eroded through the assimilation of indigenous peoples
into western culture and the loss of connections with natural resources through
harvest prohibitions (e.g for the kereru, New Zealand wood pidgeon; Lyver et al.
2008). Coupled with the effective capturing of TEK, institutions need to be
developed to ensure its successful transmission. The rejuvenation of traditional

knowledge systems will not only ensure the knowledge of the natural resources are
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protected but also the values, customs and cultural identities of the indigenous/local

peoples will be preserved (Stevenson 1996; Berkes 2008).

To ensure for the appropriate consultation and inclusion of TEK in management
regimes, access to and the correct interpretation of TEK needs to be facilitated in a
culturally appropriate way. Traditional knowledge systems are generally poorly
documented, thus dialogues in which the traditional and science disciplines can
communicate need to be developed (Johannes et al. 2000). Recording
methodologies including interviews (e.g. Huntington 2000), workshops (Huntington
et al. 2002) and map based exercises (e.g. McKenna et al. 2008) have been developed

to assist in the capturing of TEK.

The kaitiaki in Murihiku fear that the matauranga pertaining to the toheroa is rapidly
eroding. Given the conservation concern of the toheroa stocks in Murihiku, recording
this knowledge is even more important for developing the most effective management
and restoration efforts. The involvement of the kaitiaki creates a relationship that
will ensure the most effect collaboration between the local iwi and scientists. The
purpose of this present study was to interview Murihiku kaitiaki with recent and past
knowledge of toheroa populations, harvest management and threats to the toheroa
populations. Interview discussions were also conducted to record traditional
management practices including enhancement strategies of the toheroa within

Murihiku and discuss the current concerns and future management options.

2.2 Methods

A total of 25 informants were interviewed across the Te Waewae Bay and Oreti
communities. Given the heterogeneous nature of the knowledge held by local
community members (Neis et al. 1999), key kaitiaki and local informants were non-
randomly selected. Initial interviewees were a selection of tangata tiaki from the
three coastal ‘riinaka’ (Maori community council) of Murihiku (Oraka-Aparima,
Waihopai and Awarua). Subsequent interviewees were identified through peer
selection following Huntington’s (2000) ‘snowball sampling’ methodology. A
thorough interview series is accomplished once few or no new names are referred to

(Huntington 2000).
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Twenty kaitiaki, two local farmers from the Te Waewae Bay area and three ecologists
were interviewed by Te Tiaki Mahinga Kai' researchers. Ethical consent for the
interview series was obtained via the University of Otago Human Ethics Committee
(Permit 07/099). Interviewees were also required to complete a consent form at
which point participants could indicate whether or not they wished to be directly
quoted. Each participant was assigned an alphabetic code to ensure anonymity

throughout the written report.

Interviews were recorded with an iRiver dictaphone device from which the audios
were transcribed. The average duration of the 25 interviews was 86 minutes.
Interviewees were given an opportunity to edit their transcripts and ensure their
original meaning was captured. Qualitative information from the interviews was

analysed using NVivo™ software.

Interviews were semi directive in nature, allowing a conversational approach which
can increase the likelihood of unanticipated topics coming up (Huntington 2000).
Twelve of the interviews held knowledge primarily regarding the Bluecliffs’ toheroa
population and the others were from Oreti Beach or had knowledge of both sites. The
interviews focused on the knowledge of toheroa ecology, trends in toheroa abundance
and condition, the major identifiable threats and attitudes towards past and present

harvest management.

2.3 Results and Discussion
2.3.1 Peoples’ association with mahinga kai

Mahinga kai refers to the knowledge of harvesting areas and the harvesting,
preparation and utilisation of traditional natural resources. Mahinga kai is not only a
way for tangata whenua to live off the land but it is inherently important to their
identity, mana (pride/prestige) and cultural well-being (Futter & Moller 2009).

Interviewee R described mahinga kai as being “just the way of life”.

The informants described the association between people and mahinga kai as going

deeper than ‘having a feed’. It is a more holistic connection, with firstly experiencing

' Te Tiaki Mahinga Kai (TMK) is a nation-wide collective of researchers, Maori environmental managers, and
Maori community leaders from throughout Aotearoa who are collaborating together to support environmental
management and kaitiaki of customary fishing areas.
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Chapter 5: Beach traffic impact investigation

Table 5.3. Traffic intensity of racing motorbikes on the Burt Munro
Challenge beach race track, 28th November 2008.

Motorbike Ne of Laps Total Distance¥ coéle;iz &
class participants perrace passes’ (km) (ha)
TrZCk Quad 11 3-5 88 145 10
Two-
wheeled 213 2-8 883 1457 29
Tr]agck Quad 0 NA 0 0 0
Two-
wheeled 236 3-37 2157 3559 70
Track
A+B Quad 11 3-5 88 145 10
Two-
wheeled 449 2-37 3040 5016 98
Total 460 2-37 3128 5161 108

* Total passes are the total laps made by all participants combined.
¥ Cumulative distance travelled by a vehicle (number of passes x 1650 m per pass)

"Total area covered by a tyre, calculated as the distance covered multiplied by the number of

wheels per vehicle x average width of each tyre (98 mm for motorbikes, 175 mm for quad
bikes).

Table 5.4. Number of vehicles parked on Oreti Beach for the Burt Munro
Challenge beach race, 28th November 2008.

Vehicle type Number

Cars 755
SUVs/Utilities 392
Vans & people-carriers 104
Campervans 7
Small trucks 10
Non-racing bikes 19
Buses (2 running s
continuously) 10
Trailers 37
Total 1734

* Estimate of the number of round trips made by buses.
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5.3.1.2  Before versus after race survey results

Due to the late finish of the BMC on the evening of the 28t November 2008, the
track/survey area was exposed to one high tide event overnight prior to the after race
survey being conducted. Furthermore quadrats in the lower shore levels of the north-
western strata were exposed to a second high tide before the completion of the
survey. Very few birds were recorded in the vicinity of the race track during the
before (n = 4) and after (n = 13) race surveys (Table 5.5). All individuals surveyed
appeared to be roosting rather than actively feeding during the survey periods. No
exposed or damaged toheroa were found on the sand surface prior to the before race
survey, however, a total of 48 definite toheroa remains, including 31 intact dislodged

animals were found after the race.

Table 5.5. Bird scan counts during before and after race surveys.

Total bird scan counts

Beforerace  After race
Black-backed gull >

(Larus dominicanus) 4

Red-billed gull > 7
(Larus novaehollandiae)

Oystercatcher 0 2

(Haematopus ostralegus)

A total of 22 intact toheroa were sampled in the 60 quadrats of the before race survey.
A further three were classified as damaged or dead. The damage observed was
assumed to be inflicted by the spades during excavation of the quadrats therefore
these specimens were classified as alive prior to the race event. From the 96
excavated quadrats of the after survey 35 viable and 39 damaged/dead toheroa were
sampled. Forty-seven intact half toheroa shells were recorded in both the before and
after race surveys. Remnant toheroa shell halves were found in the same density in
both the before and after race surveys whereas toheroa shell fragments were found at
average densities of 1.1 m2 and 2.7 m= respectively for the before and after race

excavation surveys.

The number of viable toheroa decreased when considering both the 400 m overlap

area and the entire tracks from the before and after race survey, whereas the number
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of dead/damage and toheroa shell fragments increased (Table 5.6). However, the
certainty of these average estimates is marred by considerably large confidence
intervals. The mean density ratio of the alive, damaged/dead and shell fragments of
toheroa compared before and after the beach race illustrated the same trends (Table
5.7). The number of individuals classified as alive after the event compared to before
suggests that around 56% of the toheroa were killed in the overlapping zone and
around 71% were killed across when the full track areas are considered (Table 5.7).
The density of damaged/dead and toheroa shell fragments increased in the vicinity of

5.3-6.0 times and 2.6-2.9 times respectively.

Table 5.6. Estimated density (number per m?2) of alive, damaged/dead
and fragments of toheroa on Oreti Beach before and after the Burt Munro
Challenge beach race, 28th November 2008. Brackets show 95% confidence
intervals generated from the 2.5t and 97.5t% percentiles of the bootstrapping (10,000
simulations with replacement).

Alive Damaged/Dead Fragments
Area Before After Before After Before After
400 m 1.17 0.32 0.13 0.81 1.13 3.32
O;erlap (0.70-1.67) (0.13-0.55) (0.03-0.27) (0.42-1.35) (0.67-1.67) (2.39-4.32)
one

! Total ) 1.50 0.65 0.14 0.74 1.08 2.72
ength o

race track (1.03-2.00) (0.39-0.92) (0.03-0.28) (0.48-1.06) (0.67-1.53) (2.03-3.47)

Table 5.7. Estimated mean ratio of the number of alive, damaged/dead
and shell fragments per m2 before versus after the Burt Munro Challenge
beach race on Oreti Beach on 28t November 2008. Brackets show 95%
confidence intervals generated from the 2.5% and 97.5% percentiles of the
bootstrapping (10,000 simulations with replacement).

Alive Damaged/Dead Fragments
400 m 0.29 6.05 2.93
overlap zone (0.10 — 0.59) (2.26 — 26.13) (177 — 5.37)
Total length 0.44 5.29 2.62
of race track (0.25 - 0.72) (2.34 — 22.15) (1.59 — 4.22)
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The intensity of damage to the toheroa within the race track area was interpreted
from the reduction of alive/undamaged animals sampled in the after race survey
compared to the before race survey (i.e. the total number killed is the product of the
decrease in alive toheroa density, the initial (before race survey) alive toheroa density
and the area of the race track area). This equates to around 50,000 (95% CI 20,000-
70,000) toheroa (Table 5.8). When considering the abundance of damaged/dead
individual toheroa in the track area after the race, a generally lower estimation of
impact is calculated (Table 5.8). A proportion of the damaged/dead toheroa sampled
in the after race survey may have resulted from mechanical damage from the spade
during the excavation of the survey plots. Thus to the value of 11.1% (3/27 damaged
rate from spades in before race survey) was used to correct for this (Table 5.8). These
estimations may still be inflated due to toheroa being crushed by the race bikes into
large pieces leading to one dead animal being counting multiple times during the
survey. The reduction in abundance of alive toheroa between the two surveys is
therefore considered the most reliable estimate of the number of toheroa killed
during the race. Following the predictions of the 400 m overlap (the most accurate
method of comparison), the BMC beach race caused a 72% (95% CI 40-90%)

mortality of toheroa occupying the race track area.

The majority of toheroa sampled within the surveys were juveniles (<39 mm) with a
small proportion (6%) of sub-adults (40-99 mm) (Fig. 5.6). A high proportion of
individuals between 11-30 mm were found damaged on the surface and

damaged/dead and alive in the sand (Fig. 5.6).
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Table 5.8. Estimated number of toheroa killed and the number of new toheroa shell fragments added to Oreti Beach
by the Burt Munro Challenge race on 28t November 2008. Brackets show the equivalent of 95% confidence intervals
generated from the 2.5t and 97.5t% percentiles of the bootstrapping (10,000 simulations with replacement).

Decrease in Abundance of Abundance of

abundance of alive damaged/dead damaged/ dea.d Increase i
toheroa excluding fragments
toheroa toheroa
spade damaged
1 53,531 51,411 45,756 139,020
400 m overiap zone (20,085 — 89,661) (26,734 - 86,371) (23,793 - 76,870) (71,014 — 210,237)
Total length of 54,417 46,859 41,705 104,071

race track (19,615 — 89,904) (30,512 - 67,564) (27,156 — 60,132) (51,899 — 157,195)
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40

35 -

[ Dead/damaged
on surface

30 -
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Number of toheroa
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Figure 5.6. Size frequency distribution of toheroa found alive, dead or
damaged on the surface of the racetrack or within the sand after the Burt
Munro Challenge beach race, 28th November 2008.

5.3.2 Vehicle passage

5.3.2.1  Impact of test vehicles on toheroa

On inspecting the condition of the test animals after exposure to the traffic treatment,
common damage to the toheroa were chips to the leading edge of the shells and

fractures across one of the two valves (Fig. 5.7).

Figure 5.7. Examples of damage to experimentally placed toheroa after
exposure to passage by test vehicles, Oreti Beach, April 20009.
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Vehicle D, the motorbike, presented the largest threat to the juvenile toheroa beds,
damaging 18% of test animals in the mid/low shore transects compared to an average
of only 3% damaged across the other test vehicles. After one pass Vehicle A and B
showed fairly similar levels of impact on toheroa experimentally placed in the high
shore zone. When exposed to five repeated passes by Vehicle B however, damage
rates in the high shore area increased substantially although not statistically (single
pass (n = 19) or five repetitive passes (n = 9), Fisher’s Exact test, p=0.29; Fig. 5.8a).
In the mid/low shore transects no distinct differences between Vehicle A & B’s impact
rates were recorded (Fig. 5.8b). Test Vehicle C showed no impact on the toheroa
exposed to its passage (Fig. 5.8). As the motorbike (Vehicle D) and one of the utilities
(Vehicle C) were not tested on the high shore area, they were excluded from the
overall comparison of levels observed combined over the high and mid/low zone.
Only 3% of toheroa were damaged in the mid/low shore area compared to 14% in the

high shore zone (Fig. 5.8).

Of the 33 juveniles from the control sample that did not successfully re-establish
themselves in the sand only one (3%) showed signs of being viable in the motility
testing three days later. In contrast, 29% of those that dug initially were able to dig in
the laboratory three days later. Slightly more (35%) of the apparently intact sample
that had been run over by our vehicles dug into the laboratory sand tray three days
later, but the difference between this ability amongst the undamaged experimental
group and the control group was not statistically significant (Fisher’s Exact Test, p =
0.31). However only 12% of those showing visible damage to their shells from having
been run over were capable of digging in the motility test three days later — they were
obviously dying at a faster rate than undamaged ones in laboratory conditions

(Fisher’s Exact Test, p = 0.015).
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Figure 5.8. Percentage of experimentally placed toheroa that were visibly
damaged by vehicles in the a) high beach zone; b) mid/low beach zone;
and c) all parts of the beach combined. The error bar shows the 95% binomial
confidence interval. C and D represents the vehicle’s data from the mid/low zone
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5.3.2.2  Size frequency

The toheroa used in the beach traffic impact study were all juveniles (<39 mm) and
presented a skewed length distribution with a strong mode of specimens between 9-
13 mm (Fig. 5.9). These animals represent a slightly biased sub-sample of animals
drifting on the surface of the rising tide. To ensure the widest range of size classes
were tested, larger juveniles (>20 mm) were targeted. However, there was no
evidence to suggest that those larger juveniles were more capable of burying
themselves in the sand given the average size of toheroa that successfully buried
themselves was 11.7 mm (95% CI 11.1-12.3 mm) compared to 12.0 mm (95% CI 11.1-
13.0 mm) for those that failed. Furthermore, there was no significant difference
found between the length of those damaged and undamaged within the test
individuals exposed to a single vehicle passage (Mann-Whitney U Test, p = 0.28).
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Figure 5.9. Length frequencies of gathered juvenile toheroa for vehicle passage
investigation.
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5.3.2.3 Penetrometer readings

The sand was relatively penetrable close to the dunes and on the lower half of the
beach where it is visibly wet or covered in shallow standing water at low tide (Fig.
5.10). The average penetrometer reading taken in the vicinity of each transect five
minutes before the trial took place was not a significant predictor of the proportion of
toheroa damaged (p=0.18). The instrument may not have been sensitive enough to
detect a real effect, but more likely, the support of the embedded toheroa in very wet
sand is probably relate to the incompressibility of water and consequent even support
of the shell. We predict that degree of consolidation of the sand, and hence its
penetrability, is likely to affect risk to toheroa only in relatively dry sand.
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Figure 5.10. Sand compaction and wetness at different distances down
Oreti Beach at low tide on 14 April 2009. The average penetrometer reading
(blue diamonds) are shown for the base of the sand dune, a vehicle track (‘road’) was
present above the high tide mark, at the high tide line and then at successive 25 pace
intervals down the beach. The error bars are 95% confidence intervals. The level of
sand wetness (red squares) refers to when the sand had a dark surface sheen or is
covered by shallow pools of standing water.
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5.4 Discussion
5.4.1 Burt Munro Challenge Beach Race

The BMC beach race is a significant vehicle event overlapping the distribution of the
toheroa beds on Oreti Beach. Off-road motorbikes have been identified as having
significant impacts on dune systems (e.g. Kutiel et al. 2000). However, the impact of
beach racing on intertidal ecosystems has not been well documented. EStimates of
the number and proportion of toheroa killed by the BMC beach race were broadly
similar irrespective of whether the comparison of the before and after race survey was
made across the entire length of the survey areas or only the 400 m overlapping area.
Restricting the comparison to the 400 m overlap zone is probably the most rigorous
approach as it avoids the assumption of equal density of live toheroa within the two
designated areas prior to the beach race event. When considering only the restricted
overlapping area of the before and after race surveys a mortality rate of 72% (40-
90%) was observed and an estimated 53,000 toheroa were killed, the majority of

which were juveniles.

This interpretation of the mortality rate is consistent with the increases in the
number of the: a) damaged/dead toheroa on the beach surface from the scans; b)
dead/damaged specimens remaining in the sand; and c) shell fragments buried in the
sand. When drawing on the results of the vehicle passage study, single passes from a
motorbike damaged 18% of the test juvenile toheroa - posing the highest risk to

toheroa out of the four test vehicles.

The additional impact of vehicles on the beach associated with the race was not
quantified. However, the findings of the vehicle passage investigation suggest the
effect of cars parking on the beach may be detrimental to the toheroa beds.
Furthermore, this traffic was funnelled into a u-shaped ‘road’ to direct the traffic in a
clockwise direction into the car parking area and out the entrance again, such
aggregated vehicle passages is known to increase the risk to infaunal invertebrates

(e.g. van der Merwe & van der Merwe 1991).

The BMC beach race is a considerable threat to the recruitment success of toheroa
along a 1-2 km stretch of Oreti Beach. The intensity of the impact of the racing event
is probably a conservative estimate as: 1) the tides may have removed dead/damaged

specimens from the race track area or introduced new viable uninjured individuals
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into the area via drifting prior to the after race survey being completed; 2) apparently
viable individuals may have died during the time after the race event due to internal
injuries (an increased mortality rate in laboratory conditions over three days was
witnessed in toheroa exposed to traffic passage than those not); 3) some animals
killed during the beach race may have been damaged beyond what was recognisable
as a whole animal and therefore not included in the count; 4) conservative
dimensions of the race track area were used (i.e. the impact of the bikes travelling
below the 75 m boundary was not assessed); and 5) the damage from the traffic

within the 1 km car parking area was not assessed.

To put the impact of the BMC beach race (i.e. a 72% mortality rate) into perspective
of the total Oreti Beach toheroa population, several factors need to be considered.
The toheroa colony at Oreti Beach extends for 17 km (Beentjes & Gilbert 2006b)
whereas the beach race event (including race track, car park and amenities) only
occupied 2 km (5%) of the toheroa colony’s area across the high to mid levels of the
shore. Averaged over the entire Oreti Beach shoreline, 55% of juvenile toheroa occur
in the top 100 m of the beach, 14% of sub-adults and 2% of the adults (as taken from
Fig. 6 of Beentjes & Gilbert 2006b). Thus the race track is positioned high enough up
the beach to avoid putting the adults and sub-adults at risk; even in the area
immediately adjacent to the race track. The 53,000 juveniles potentially killed within
the race track area was only 0.07% of the total 2005 estimated Oreti Beach juvenile
population (Beentjes & Gilbert 2006b). Juvenile toheroa have a naturally high
mortality rate (Redfearn 1974) therefore many of fatalities from the BMC beach race
may have been lost to the population through natural causes. Finally as the BMC
occurred prior to the main toheroa spawning season, there is the possibility that the
race track area will be repopulated with either new recruits from spat settling in the

area or through the migration of juveniles from the surrounding areas.

To reduce the overall impact of the BMC beach race on the local toheroa population
effective protocols could be developed by the event organisers with the support of
Environment Southland, the kaitiaki of Waihopai Riunaka and researchers. In
preparation for the 2008 BMC beach race event no sand levelling machinery (i.e.
grader, levelling harrows, blades etc.) was used to smooth the race track prior to
racing, unlike previous years. Very little can be done to mitigate the impact on the

toheroa occupying race track aside from advising that the use of levelling machinery
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be eliminated. Careful placement of the race track could minimise toheroa mortality.

Interviewee W stressed that:

“Having the race in the middle [of Oreti Beach] is crazy — I understand the
importance of the beach race to the people of Invercargill but there are other
places [on Oreti Beach] they could have it. If I was in charge of the beach I
wouldn’t have any traffic on it ever. If you are really worried I wouldn’t have
any traffic to the east at all, particularly where that race was in 2008. They
should be racing to the west of the Dunns Rd entrance. I wouldn’t allow any
traffic any further than 2 kilometres to the east of the entrance, to protect the

main eastern bed”.

The location of the 2008 race track occupied a relatively dense zone of juvenile beds
surveyed in 2005 (as taken off Fig. 4 of Beentjes & Gilbert 2006b). Consultation with
NIWA scientists who conduct the periodic toheroa surveys could help identify areas
on Oreti Beach where toheroa exist in low densities (e.g. directly north-west of the
Dunns Road entrance). The number of juvenile recruits being exposed to the race
event could be achieved by positioning the race track as high on the shore as possible

and holding the event as early in spring as practical.

The car parking area should also be carefully managed to reduce the impact of
vehicles outside of the race track. Possible management strategies may include: 1)
keeping all traffic above the high water mark; 2) ensuring traffic is travelling the least
distance from the beach entrance; and 3) banning non-race vehicles from the beach.
A walking track could be constructed through the dunes or alternatively a free bus

could be used to drop spectators off within a walkable distance of the race track.

5.4.2 Vehicle passage

Within Murihiku, sandy beaches are designated as roads allowing any vehicle under
3.5 tonne to legally utilise the shore area (Southland Coastal Plan; Environment
Southland 2008). With no marked driving zones/lanes the full extent of toheroa
beds at Bluecliffs, Orepuki and Oreti beaches are exposed to detrimental impacts
from vehicles. The results of this study suggest that every-day traffic on Oreti Beach
is having an adverse impact on the juvenile toheroa population. The single passage of
one four-wheeled vehicle or of a two-wheeled motorbike can inflict lethal damage to a

juvenile toheroa buried in the sand (both instantaneously or increased mortality after

112



Chapter 5: Beach traffic impact investigation

three days). These findings are consistent with Hooker & Redfearn (1998) who
measured a 14% mortality rate in juvenile toheroa at Ninety Mile Beach (Taitokerau),

although this was measured in higher than normal beach traffic conditions.

The level of damaged toheroa may have been underestimated if intact toheroa
sustained internal injuries (i.e. injured but presented no signs of external damage). A
possible bias in the number of toheroa damaged may have resulted from test animals
being translocated to microclimates in the sand that they do no naturally inhabit,
thus making them more susceptible to being damaged. Unfortunately due to the low
sample sizes and the low percent damaged by the test vehicles the 95% binomial
confidence intervals are relatively large, the true level of risk of each vehicle category
is unclear. Further investigation is warranted and larger sample sizes are
recommended (~400) for each vehicle treatment across the two shore zones. This
study found no evidence to suggest repetitive vehicle passage had increased negative
effect on toheroa, although further testing is strongly advised. Hooker & Redfearn
(1998) conclude that multiple passes are positively related to increased damage in

juvenile toheroa, and increasing their vulnerability to predation.

The risk of damage to beach clams from beach traffic is dependent on several factors
including sediment properties, sensitivity of the animals, the depth at which they are
buried, the models of vehicles and the quantity and distribution of the beach traffic
(van der Merwe & van der Merwe 1991; Schlacher & Thompson 2007; Schlacher et al.
2008a). There was no evidence in either investigation to suggest that a particular
length of toheroa within the juvenile size class (<39 mm) was more vulnerable to
vehicle damage. However, those individuals occupying the narrow zone at the high
tide mark (10-15 m) appeared generally more susceptible to the adverse effects from
beach traffic. In this zone the sand is softer, lateral movement of the toheroa is more
likely and as juveniles only bury themselves a few centimetres below the surface
(Kondo & Stace 1995) they are more exposed to potential crushing and suffocation.
Cranfield et al. (2002) discussed beach traffic as a potential threat to the recruitment
of tuatua (P. donacina) as the majority of the traffic drives along the upper zone
which may alter the structure of the sand matrix at the high water mark. Similarly,
van der Merwe & van der Merwe (1991) describe a greater disruption to the softer,
drier sand of the high tidal zone due to the high degree of sand displacement and the
nature of drivers to follow in others tracks. The juveniles lower on the beach

appeared to be less vulnerable to damage from the passing vehicles. The compaction
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of the sand however, was not observed as a good indicator of risk. The strong
protection of even the small toheroa near the surface of the wet sand that prevails
over most of the beach is the most likely explanation for generally low risk per vehicle
pass. The mortality rates of a single pass of a car/utility vehicle and a motorbike of
3% (1-7%) and 18% (10-31%) are therefore believed to be the current best estimate of

risk to juvenile toheroa.

The large toheroa which can burrow deeper in the sand at lower shore heights are
presumed to be well protected against vehicle damage. Tyres on the moister sand of
the lower shore appear to only disturb/displace the surface of the sand for several
millimetres. The lower stretches of the beach are therefore relatively safe for adult
toheroa because the area remains covered with water for a greater part of the tidal
cycle, there are reduced shear forces and the rates of desiccation are decreased in
exposed areas (Anders & Leatherman 1987; Wolcott & Wolcott 1984; Stephenson
1999). Larger toheroa also have the added protection of stronger, thicker shells.
Previously, heavy vehicle traffic over the large toheroa beds has been voiced as a
concern. The pressure of passing vehicles is believed to cause the valves of buried
toheroa to close, expelling their interstitial water (Rapson 1952). With continual
passes the sand will become thixotropic (less viscous) and the toheroa have been
reported to ‘float’ to the surface making them vulnerable to crushing by vehicles or
predation (Redfearn 1974; Hooker & Redfearn 1998). van der Merwe & van der
Merwe (1991) reported a similar phenomenon in the successive passage of beach
traffic over Gastrosaccus psammodytes. Future studies may wish to explore these
phenomena, however, if no significant level of traffic is distributed in the lower beach

zone then exposure to such repetitive vehicle passage is unlikely.

The larger and heavier utility vehicles appeared to pose very similar levels of risk to
juvenile tohera as the test car, which is most likely due to pressure exerted by the
utilities being proportionately reduced with larger and wider tyres. Tyres with wider
deeper treads combined with high levels of torque are considered to pose the greatest
risk to toheroa occupying the sand. Similarly, the driving nature of beach traffic has
been proven to increase the risk to infaunal species and physical habitat disturbance.
Schlacher et al. (2008b) found a rise in mortalites rate of clams from 1% to 53% when
exposed to 40 swerving vehicle passes from 40 straight passes. The sand matrix was

also observed to soften by a further 76% when the passes included turns.
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Due to the senstive nature of the back shore area and faunal communities related to
the organic debris deposited within this zone, previous studies concerned with the
management of beach traffic have generally advised vehicle passage to be limited to
the intertidal zone below the high water mark (e.g. Atikinson & Clark 2003).
However, with regard to toheroa, it would be advisable to keep traffic above high
water for the most effective conflict management. Juvenile toheroa have the widest
downshore distribution (Beentjes & Gilbert 2006a,b; Chapter 3) and thus keeping the
traffic above the high water would restrict the overlap of toheroa and beach traffic to

a minimum.

Although this present research demonstrates that vehicles damage juvenile toheroa,
this is not tantamount to having demonstrated that vehicles in general significantly
disrupt recruitment to the Oreti Beach toheroa population. Making
recommendations for managing the year-round vehicle threat will be entirely
premature until the overall risk is better quantified. A survey of the intensity and
distribution (along- and downshore) of beach traffic at each of the three toheroa
beaches would need to be conducted in order to develop an overall assessment of
each vehicle categories’ total risk to the toheroa populations in Murihiku. In order to
develop the best management strategies to mitigate the risk of traffic to toheroa
populations the degree of spatial overlap between vehicles and toheroa beds needs to
be assessed. This assessment would need to detail the number and type of vehicles

that are using which zones of the beach.

The present investigations clearly indicate that beach traffic in Murihiku is a threat to
the toheroa. Futher investigations need to be conducted to quantify this risk across
larger sample sizes. Surveys on traffic intensity and distribution can then be applied
to assess the overall threat of beach traffic to the three separate toheroa colonies and
spatial areas. Finally, interviews with beach users would help define the nature of the
seasonal use and the recreational value of carrying out their activities on the beach.

This information would help direct the most effective management decisions.

Variations in recruitment rates of toheroa are not well understood but are most likely
due to a combination of factors such as climate change impacts on sand and water
conditions, human impacts and predation. If future investigations find that traffic is
a significant contributor to toheroa recruitment failure, then coastal managers can

begin to develop and implement intervention strategies to regulate beach traffic on
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the sandy shores of Murihiku. The above factors all need to be considered and public
education and awareness campaigns of the possible risks of beach traffic should be
undertaken. Robust scientific evidence of the consequences of various management

interventions will be needed to guide the debate and search for sustainable solutions.
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CHAPTER SIX

General discussions

“Sometimes it is only through science that we can know that the things we are
doing are wrong or even justify that we are right...... that we are doing okay
in managing the resources”

Interviewee T

6.1 Population status and knowledge gaps

6.1.1 Population sizes

The Murihiku toheroa are of conservation concern as a result of their comparatively
low abundance and the severe habitat degradation affecting the Bluecliffs Beach
colony. Over the last decade of available monitoring surveys (1996-2005) the
populations of both Oreti and Bluecliffs Beach appear relatively stable. However,
when viewed in the historical context of prolonged decline and highly variable
recruitment success there is obvious ongoing risk to the Murihiku toheroa meta-
population. Historically, Oreti and Bluecliffs beaches both supported much larger
toheroa colonies (Oreti = two million; Bluecliffs = 1-2 million; McKinnon & Olsen
1994). The population of legally sized toheroa (i.e. >75 mm) at Oreti Beach in 2005
(Beentjes & Gilbert 2006b) is only a quarter of its former size. Declines have been
more intense at Bluecliffs Beach (8% of total former size), however this has been
accelerated by the substantial habitat degradation. The alongshore range of the
Bluecliffs colony is restricted to a section of beach less than half the length of the
former range included in the original pre-1990s population surveys (Beentjes &
Gilbert 2006b). The physical reduction of available suitable habitat for the toheroa

colony at Bluecliffs Beach is the result of sand erosion (Beentjes et al. 2006).

The ultimate cause of the sand erosion is debated, but the majority of the local
kaitiaki believe the diversion of water out of the Waiau River for the Manapouri
power scheme since 1969 is the primary cause. This explanation seems plausible, as
the scheme has significantly reduced the flow (by 75%) of the river and reduced the
sediment load (Bradford-Grieve 1996 as referenced in Keeley et al. 2002). A review
of the trends in the Bluecliffs Beach population shows declines were evident prior to

the diversion of the river (Beentjes & Gilbert 2006a). However, this is too short a
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period to be sure that declines were, or were not, occurring prior to the diversion of
the Waiau River, particularly given the sporadic recruitment of toheroa colonies
(Redfearn 1974). Furthermore, the Oreti Beach population has experienced
substantial declines over the same period. It is unlikely the changes to the Waiau
River are significantly affecting conditions for the Oreti colony situated 56 km away
from the mouth of the river; thus it would appear some other ecological factor(s) are

impacting the Murihiku toheroa populations.

Further understanding of the water current systems within the Te Waewae Bay area
could help explain the process by which the sand from Bluecliffs has eroded (Beentjes
et al. 2006). Habitat restoration is not a very practical option for a dynamic system
such as the intertidal zone of Bluecliffs Beach. The identification of appropriate
receiver sites for translocation efforts is highly recommended to create/establish

more toheroa populations within the Murihiku area.
6.1.2 Meta-population age/size structure

The three Murihiku toheroa colonies present differences in their stock and size
structures. The Oreti Beach population has a lower average density of non-juvenile
(=39 mm) toheroa than those of the Te Waewae Bay colonies. Broad scale juvenile
recruitment occurs along the full extent (17 km) of Oreti Beach, whereas 80% of the
breeding population occurs within a 1 km stretch of beach (Beentjes & Gilbert
2006b). This patchy recruitment success to maturity is of concern, and is poorly
understood. Future investigations should attempt to understand what influences this
spatial discrepancy, as the establishment of breeding colonies along the entire length
of Oreti Beach would greatly increase the population’s resilience. The stock structure
of the Bluecliffs Beach toheroa population presents signs of recruitment failure (Table
3.2). The two most likely explanations for this deteriorated stock structure are: 1) the
accumulation of gravels is preventing the successful settlement and development of
juvenile toheroa (i.e. habitat degradation); or 2) reproductive success is being

hindered due to critical reductions in the density of the breeding stock.

Through transplanting efforts of local kaitiaki a toheroa population has successfully
established at Orepuki Beach, which is located at the opposite end of Te Waewae Bay
from Bluecliffs Beach. The ‘newly’ established population supports a full range of
cohorts. However, the stock appears to have reduced growth rates in comparison to

the other two colonies. The presence of an established toheroa population at Orepuki
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Beach represents the success of stock enhancement through translocation, but also a
safe-guard for the Te Waewae Bay toheroa should the Bluecliffs population collapse.
The inclusion of the Orepuki Beach toheroa colony in future periodic population
surveys is advised. The results of the Orepuki Beach population survey presented in
this study (Chapter 3) can be used as a baseline against which future studies can be

compared, to determine the trend in population size and structure.

The variation in the stock structures and growth rates of the three colonies presents
interesting questions about the differing habitat conditions between the beaches in
which they occupy. Understanding optimal environmental conditions of a habitat
and which factors have the largest influence on a population’s health/status will be
crucial in the identification of new receiver sites. Understanding and assessing such
criteria about potential receiver sites will greatly improve the chances of successful
establishment of founding populations. Newly established toheroa populations will
only create a safe-guard population if they are successfully self-seeding. Meta-
populations such of the Murihiku toheroa are maintained by the recruitment from
source population(s), the loss of this/these populations will lead to the collapse of the
colonies (Hanski 1999). The colonies of the three beaches, Oreti, Orepuki and
Bluecliffs are managed as separated stocks, however, no genetic studies have been

conducted to consider how interrelated the three colonies are.
6.1.3 Determining optimal harvesting size

The majority of previous toheroa research was conducted in the Taitokerau region in
the 1950s-1970s, when toheroa were abundant and supported large commercial and
recreational fisheries. In the recent past the prospect for toheroa research has been
limited given the unstable state of populations, loss of commercial ventures and
restricted opportunity for observation due to the prohibition of disturbance without
authorisation (Keeley et al. 2002). It is unknown how applicable recorded biological
parameters, such as growth rate and maximum age, are to the Murihiku toheroa
stocks. The relevance of the minimum harvestable size limit (100 mm) implemented
by the MFish for ensuring sustainable harvesting is also unknown for the Murihiku
toheroa. A prominent traditional practice for the sustainability of wildfood
populations is the protection of the breeding stocks (e.g. Futter & Moller 2009;
Moller & Lyver in press). However, in order to implement effective size restrictions,
the age/size classes with the highest reproductive potential need to be identified.

Currently the age/size of toheroa with the highest reproductive output is unknown.
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There is a potential that the minimal harvestable size (i.e. 100 mm) could seriously be
influencing each colony’s reproductive output. Investigation into the size at sexual
maturity and modelling the reproductive output across a range of sizes would clearly

indicate which size class is the most sustainable to harvest.

6.2 Threats

6.2.1 Beach traffic

The data indicates that beach traffic can cause mortality to juvenile toheroa in the
intertidal zone in as little as one pass. The juveniles are vulnerable given their
shallow position in the sand, particularly those occupying the soft band of sand at the
high tide zone. The results of Chapter Five indicate that there is further need to
investigate and quantify the total risk of beach traffic to each of the three Murihiku
colonies. Stephenson (1999) warned that even if traffic only poses a mild threat it
may be important to mitigate it as much as possible to ensure the maintenance of the
remaining toheroa populations. The identification of beach traffic as a threat to the
toheroa will unfortunately incur management conflict between allowing recreational
access and also protecting the surf clam populations. Use of the beach is likely to
increase in the future. Firm baseline measures of vehicle use could be matched with
ongoing regular surveys of the toheroa populations to test putative impacts of people
and their vehicles on this taonga species. Signage to inform and educate beach
recreationists about the impact of traffic on the toheroa and how to minimise this
threat could potentially reduce the risk. Mitigation efforts regarding the impact of
the Burt Munro Challenge beach race include optimal placement of the race track and
timing of the race, reducing the number of vehicles going onto the beach by managing
spectator and competitor traffic and directing where the remaining vehicles drive

once on the beach.

There will be much to gain from drawing key beach user groups into a working party
from the outset. Each group can contribute detailed local knowledge in a search for
practical solutions to moderating risk to the public, damage to the beach ecology and
toheroa. User groups could include the Burt Munro Challenge organisers, Tangata
Tiaki, MFish, Invercargill City Council, Environment Southland, Department of
Conservation and researchers (e.g. NIWA, University of Otago, local experts). This
community management group could also take a public lead to lobby and support

more collaborative research to investigate why toheroa recruitment failure occurs in
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many years on Oreti Beach. Implementing strategies for population restoration are
required to build the resilience of the toheroa population to withstand enjoyable and
important events, such as the Burt Munro Challenge beach race, year-round
community recreation and sustained customary use of a taonga species for future

generations.
6.2.2 Mass mortalities

Mass mortalities are common in many clam species; however, their increase in
frequency and extent could pose significant threat to the Murihiku stocks. A mass
mortality in early July 2009 at Orepuki Beach led to the death of approximately 0.9%
of the total population. Analysis of deceased toheroa’s flesh gave no indication of the
cause of the die back (Larkin & Futter unpub. data). Understanding the cause of
these events and recording their frequency and extent is important for sustainable
management and in the development of mitigation measures if possible. The degree
of environmental change to toheroa habitat induced by climate change should also be

investigated as a possible risk factor.
6.2.3 Predation

Predation on toheroa is largely unmeasured and thus cannot be excluded as a
significant threat to toheroa recruitment. Sea bird population surveys and toheroa
consumption rates at each of the three colonies could be investigated to identify if
bird predation is sustainable at the current harvest levels. Interviewee R alluded to
the use of gull eggs in cooking in the past which consequently controlled the gull
populations. If the removal of eggs from nests, in the vicinity of the toheroa colonies,

is an ethical control option it may reduce predation pressure.

6.3 Harvest management and enhancement

6.3.1 Customary regulations

There was unanimous agreement that the customary regulations have delivered large
cultural and environmental gains by instigating continuous wise customary
management. Kaitiaki felt that the authorisation process allows more frequent
harvesting opportunities (i.e. compared to previous open seasons), for those
individuals who want the toheroa and will not waste it. More frequent harvesting
gives rise to more opportunities to practise and pass down the tikanga and teachings

regarding toheroa and wider mahinga kai philosophies.
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Tangata Tiaki approach the authorisation of toheroa with caution; the right to harvest
toheroa is a privilege and that needs to be respected. Although the populations
appear stable, kaitiaki along with MFish should adopt the ‘environmental
precautionary principle’ (Raffensperger & Tickner 1999). Especially considering the
assumption that habitat degradation and further decline of the Bluecliffs Beach
population will continue. A continued decline of the Bluecliffs colony forces greater
emphasis on securing the Oreti Beach and newly discovered Orepuki Beach

populations for continued customary use and ecological conservation.
6.3.2 Stock enhancement via translocation

To increase the overall resilience of the meta-population the use of the traditional
enhancement tool of translocating animals could be applied to a) increase the density
of existing toheroa colonies; and b) establish new populations within Murihiku. To
prevent the local extinction of the Te Waewae Bay toheroa in the near future, efforts
to accelerate the population growth of the Orepuki Beach population would be
advisable. Enhancement attempts to extend the northern boundary of the Orepuki
colony towards Gemstone Beach is a viable option, increasing numbers and

reproductive potential of the colony.

Within the current scientific literature regarding the enhancement of clam stocks
three general methodologies emerge: 1) enhancement of natural recruitment using
wild spat; 2) transplantations from nearby natural populations; and 3) reseeding
using hatchery-reared stock (Arnold 2002; Tettelbach et al. 2002). Option 3 involves
developing a hatchery in which spat from wild or captive toheroa is developed and
released when believed to be resilient enough survive in the environment. This
option is the most expensive. However, toheroa have been successfully spawned in
laboratory conditions (Smith 2003) proving toheroa are suitable candidates for this

type of aquaculture-based enhancement methodology.

It appears toheroa have traditionally been transplanted within Murihiku using the
above option two. The movement of surplus toheroa is relatively inexpensive (Futter
& Moller 2009) and provides an excellent opportunity to increase the collaborative
management partnership between kaitiaki and scientists. The trial and error nature
of future translocation attempts will increase the knowledge held surrounding the
ecology and behaviour of toheroa. Kaitiaki and scientists need to pool their

knowledge to maximise translocation success in regard to site selection and
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methodology. Translocations have been used successfully to reseed barren areas
within the former range of Taitokerau toheroa (Akroyd 2004). Consultation with the
Taitokerau kaitiaki would accelerate the development of successful translocation

techniques for the Murihiku toheroa.

The majority of marine translocations are undertaken with the primary incentive of
ensuring commercial fisheries (i.e. for monetary gain) and also to support
community’s growing populations and demands (Richards et al. 1994). However,
given the obligations of kaitiaki to help ensure kai moana stocks are there for their
mokopuna (grandchildren) and the limited distribution and taonga status of toheroa,
sufficient motivation is provided for the active management of this resource to ensure
its persistence for both cultural health and wellbeing and biodiversity conservation
reasons. To restore toheroa populations in Murihiku to resemble historical numbers

is desirable.
6.4 Monitoring

The robust population surveys of the Murihiku toheroa populations provide excellent
baselines from which the success of future management regimes and restoration
actions can be assessed. Continued monitoring is essential to assess the success of
newly implemented management regimes and translocation efforts. The Murihiku
kaitiaki expressed concern regarding the lack of adherence of the current monitoring
methods (excavation surveys) to the tikanga of not using digging implements.
Preliminary investigations into the use of the non-invasive traditional search method
(i.e. identifying siphon tips/holes) yielded a poor index of the density estimates
generated from the excavation surveys at each of the three beaches. Further
investigation including a larger range of variables may improve the predictive power
of siphon activity counts to excavated quadrat densities. If a coarse index of toheroa
density was successfully developed at the most it could be used in conjunction with
the excavation studies. Both juvenile recruitment and stock structure (not assessed
with the siphon counting technique) are both valuable parameters when assessing the

status of a population.

Although a poor indicator of toheroa density the observation of siphon activity (i.e.
siphon tips/holes) can readily be applied to investigating the distribution of toheroa
colonies. This traditionally based indicator will enable kaitiaki to assess the primary

success of translocation efforts and boundaries of toheroa colonies in a simple, non-
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invasive way. Another practical method of monitoring the toheroa resource is to
formalise catch per unit effort data. A stipulation of each customary authorisation is
that the applicant must inform the Tangata Tiaki about how many shellfish or fish
they actually caught. A simple form could be designed, through which harvesters
provide details regarding the search/harvest methods used, distribution of effort,
search times and number of harvesters (e.g. Kitson 2004). Interviewees noted a large
increase in the time taken to catch a feed of toheroa in their life time, and this
corroborates the general decline seen in toheroa population size from scientific

surveys (Beentjes & Gilbert 2006a,b).

6.5 Co-management and the relevance of matauranga

In order to manage natural resources effectively there needs to be a comprehensive
understanding of all available knowledge. In a co-management partnership between
indigenous peoples and scientists, the two disciplines can successfully identify the
gaps in this knowledge and devise the best approaches to fill such gaps. Combining
TEK systems with those of modern science creates an opportunity to resolve past
management conflicts and ensure the most effect resource management regimes are

developed (Moller 1996; Moller et al. 2004; Newman & Moller 2005).

With both TEK and science knowledge systems available to kaitiaki, they will be more
informed and have a strengthened ability to manage natural resources. More
information will help in responding to changes in natural resources statuses and to
revise harvest practices and/or management strategies if they see fit (Moller & Kitson
2008). The inclusion of the toheroa under the Customary Fisheries Regulations has
allowed the kaitiaki to exercise a higher degree of kaitiakitanga over their taonga
species. The high degree of support for traditional practices being adhered in relation
to toheroa harvesting in the interview discussions indicates the relevance of

kaitiakitanga in current day toheroa management.

Recurring overarching themes that emerged unprompted in the interview discussions
included respect for the environment and other people and the reciprocity between
people and the taonga, in this case toheroa. These broad themes are reflected in
several other customary harvests by Maori in New Zealand (Kitson & Moller 2008;
Lyver & Moller in press; Moller & Lyver in press), and the views were clearly shared
by many Pakeha participants in this study. Worldwide, institutions that direct

traditional management have developed rules of use that are embedded within their
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customs and religious beliefs (Colding & Folke 2001). These practices are generally
social restrictions but have great promise to ensure sustainable resource management
(Berkes 2008; Kitson & Moller 2008). There is the potential for the traditional
management practices of indigenous peoples to be misinterpreted or the principles
missed completely by modern scientists. The development of comprehensive
dialogues are needed between the two groups to create an understanding and respect

for each other’s knowledge system (Huntington 2000).

The benefits of interviewing kaitiaki (or the equivalent) and local experts goes well
beyond the valuable, specific information received. Participation in the research
builds ownership and control by the kaitiaki along with additional benefits of re-
engaging with their traditional philosophies and practices. This re-engagement
allows the people to reconnect with traditional resources and revitalise their culture
(e.g. Moller et al. 2009b; Schweikert & Moller in press). Participation at all levels
builds and locks-in environmentality (Agrawal 2005) amongst the kaitiaki and other

stakeholders that impact upon or wish to support natural resources such as toheroa.

6.6 Transmission of matauranga Maori

Many indigenous people transmit their TEK and customary practices through
participatory learning and oral transfer (e.g. Ulluwishewa et al. 2008). Thus there is
a need to maintain a connection with wildfoods to ensure that the knowledge and
traditions are upheld and understood. Kitson & Moller (2008) emphasised the
importance of developing avenues to ensure TEK is transferred to the younger
generations. In recent years, a trend towards the documentation of TEK to prevent
further knowledge erosion has developed. The need for such methodologies has
emerged due to the breakdown of transmission of knowledge and traditional
practices. This breakdown is largely the result of indigenous people assimilating into
western society (Turner et al. 2000). Many elders hold specialised knowledge and
much of their knowledge is being lost with them. This is proven true in this present
study by the loss of important details regarding the ingredients of the supplement
feed developed by one local kaitiaki and the use of poha to transplant wild toheroa
spat. Lyver et al. (2008) reported that the failure to adhere to the tikanga and
practices surrounding the kereru (New Zealand wood pigeon, Hemiphaga
novaseelandiae) is responsible for the pigeons current conservation status. Secrecy
of knowledge (i.e. not sharing indigenous knowledge with outsiders) is another

avenue in which value information can be lost. Overcoming indigenous peoples’
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mistrust in collaborative management is essential to developing the most informed

and all round beneficial management regimes for natural resources.

6.7 Conclusions

TEK is generally finely tuned to local areas and consultation with this knowledge
source is invaluable (Moller & Lyver 2008). When the matauranga and modern
science surrounding the Murihiku toheroa were aligned, common goals and parallel
assessments in the trends and status of the toheroa stocks were identified. This
present study clearly indicates the importance of meaningful discussions with the
local people to improve the understanding of: 1) aspects of toheroa ecology; 2) the
primary threats/concerns relating to the sustainability of toheroa stocks; 3) potential
enhancement/restoration techniques and 4) how to conduct science in a culturally
sensitive way. The combination of matauranga and modern science helps reduce the
uncertainty of knowledge regarding toheroa. Consultation with kaitiaki can dictate
research priorities, as was done in this present study, ensuring efforts are spent
effectively on research that will aid in the sustainable management of precious

resources such as toheroa.

The Murihiku toheroa populations are smaller relative to historic levels. Tangata
Tiaki have the responsibility and obligation to allow their people access to their kai
and the opportunity to maintain the connection with the surrounding tikanga and
matauranga but also to ensure the resource is managed in a sustainable way. The
present study identifies the concerns and gaps in the knowledge regarding toheroa
ecology. Future research investigating aspects of sustainable harvesting and threat
management will help ensure the resilience of the Murihiku toheroa meta-

population.

Understanding (and mitigating if practical) the reasons causing variable recruitment
success in conjunction with determining the most sustainable harvest size will help
enhance toheroa breeding stocks. Although the traditional search technique did not
transfer well to a monitoring tool it provides a non-invasive method for monitoring
presence/absence and determining the boundaries of colonies. Furthermore the
importance of including the scientific surveys is outlined in accurately accessing
population parameters. Beach traffic has proven to have detrimental effects on the
survival of juvenile toheroa. Upon assessing the degree and spatial occurrence of

beach traffic on each of the three beaches and locating important juvenile beds,
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regimes to direct traffic away from these sensitive areas could be developed to help
maintain successful recruitment to maturity. Relocation of the BMC race track in
combination with restricted the number of vehicles entering on to the beach would
largely reduce this event’s impact on the Oreti Beach toheroa colony. Translocation
of toheroa to appropriate receiver sites while large enough populations exist to
support this technique may hold the key to increasing the resilience of the Murihiku

toheroa meta-population.
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Appendix 1

Appendix 1. Results from backward stepwise exploration of the linear
regression model investigating the predictive power of siphon activity
density. Steps included a) the investigation of which density data formation was
best; b) which beach or combination of beaches had the best model. Significance of
predictor variables are given as p-values. ANOVA results so predictive ability of
whole model. QD = density from excavation quadrats and SC = density from siphon
activity counts.

Be:i}les %':;ll)iﬁld Oreti Orepuki Bluecliffs
QD vs log,, SC
n 183 158 71 87 25
Constant* 0.598 0.520 0.755 0.000 0.427
Beach* 0.002 0.001 - - -
log,o SC* 0.096 0.053 0.036 0.052 0.566
Air temp* 0.124 0.007 0.320 0.000 0.974
Wind speed* 0.884 0.322 0.652 0.005 0.261
Cloud cover* 0.191 0.064 0.687 0.001 0.067
Tide direction* 0.113 0.267 0.735 0.498 0.447
Rz(adj) 9.3% 11.6% 10.7% 19.1% 3.9%
ANOVAH 0.001 0.000 0.030 0.000 0.350
l(irs(éi;unusual 10 6 3 5 2
Logi0 QD vs log.o SC
n 124 116 58 58 8
Constant* 0.645 0.873 0.806 0.013 0.983
Beach* 0.003 0.002 - - -
log.o SC* 0.597 0.321 0.222 0.170 0.860
Air temp* 0.156 0.043 0.726 0.004 0.945
Wind speed* 0.301 0.104 0.978 0.006 0.958
Cloud cover* 0.907 0.712 0.833 0.293 0.772
Tide direction* 0.452 0.775 0.647 0.327 -y
R2(aqj) 6.6% 8.4% 0.1% 12.0% 0.0%
ANOVAH 0.030 0.016 0.417 | 0.039 0.100
Ne of unusual . 5 8 ) )

cases

¥ Minitab eliminated tide from this model as it was highly correlated with another predictor variable.
* Regressional coefficient
up-value
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